Background
==========

Osteosarcoma usually occurs in children and adolescents, and is the most common primary bone tumor. It is originated from mesenchymal tissues, featured with spindle stromal cells accompanied with bone-like tissues, and commonly occurred during the bone lengthening stage \[[@b1-medscimonit-21-1976],[@b2-medscimonit-21-1976]\]. Due to its insignificant clinical symptoms at early stage, osteosarcoma is often misdiagnosed as growing pain or trauma, thereby causing its rapid progression, frequent metastasis, high malignancy and mortality rate, making it one major challenge facing by clinicians and heavy burdens for patients and their families \[[@b3-medscimonit-21-1976],[@b4-medscimonit-21-1976]\]. Although the survival rate has been improved with the advancement of surgical, radio-, and chemo-therapy, most osteosarcoma patients still developed multiple metastases, causing unfavorable prognosis \[[@b5-medscimonit-21-1976]\].

Tumor metastasis-related genes have received lots of research interests as they may help to elucidate the mechanism of tumor metastasis. These genes also have the potency to be as the target for anti-metastatic drug, as well as to provide guidance for evaluating prognosis \[[@b6-medscimonit-21-1976],[@b7-medscimonit-21-1976]\]. The expressional alternation of peripheral myelin protein 22 (PMP22) gene expressions can cause motor-sensory neuropathy and is one important pathogenic gene of Carcot-Marie-Tooth disease \[[@b8-medscimonit-21-1976],[@b9-medscimonit-21-1976]\]. Recent studies have found high expression of PMP22 in breast cancer cells had, making this gene as an independent prognostic factor evaluating disease-free survival time and overall survival rate of breast cancer patients \[[@b10-medscimonit-21-1976]\]. PMP22 has also been suggested to be abnormally expressed in various tumors such as prostate cancer, indicating the significant role of this gene in the pathogenesis and development of tumors \[[@b11-medscimonit-21-1976]\]. DNA microarray analysis has revealed elevated expression of PMP22 in osteosarcoma tissues \[[@b12-medscimonit-21-1976]\]. The detailed role and function of PMP22 in metastasis of osteosarcoma, however, remains unknown. Therefore this study aimed to construct a recombinant viral plasmid pcDNA3.1-PMP22, which was identified and investigated for its role in osteosarcoma metastasis.

Material and Methods
====================

Culture of osteosarcoma cell line SOSP-M
----------------------------------------

SOSP-M cell line (ATCC cell bank, US) stored in liquid nitrogen was melt down at 37°C water bath, centrifuged at 1 000 rpm for 3 min, re-suspended in 1 ml fresh DMEM medium (Sigma, US) and transferred into 50-ml culture flask. After incubation at 37°C chamber with 5% CO~2~ and saturated humidity for 48 hr, cells (1×10^7^ per ml) were inoculated into petri dish with 10% FBS (Bioind, Israel) in DMEM and cultured at 37°C chamber with 5% CO~2~.

Preparation, identification and transfection of recombinant plasmids
--------------------------------------------------------------------

Total RNA was extracted from cultured SOSP-M cells using Trizol reagents (Invitrogen, US) and quantified under UV-spectrometer. *In vitro* transcription was performed using total RNA as the template to synthesize cDNA using the test kit (Promega, US). Specific primers designed by PrimerPremier 6.0 and synthesized by Shanghai BioTech (China) were used to amplify the target gene using cDNA as the template in a PCR reactor (Model 2400, PE Gene, US). Primer sequences were: PMP22-F, 5′-TGTGC CTTCG CGCCA TGATT-3′; PMP22-R, 5′-GCTTA TCTGA TCTGT CCTTC-3′; Amplification fragment length, 305bp. PCR conditions were: 95°C for 1min, 62°C for 50 sec, 94°C for 30 sec, 60°C for 50 sec and 72°C for 35 sec, repeated for 35 cycles. PCR products were purified from the agarose gel using gel purification kit (Promega, US) and were ligated to empty pcDNA3.1 vector at 3:1 ratio at 4°C for 16 h. Recombinant plasmids were then transferred to JM109 competent cells, which were then cultured in LB-plate for amplification.

Purified pcDNA3.1-PMP22 recombinant plasmids were digested with EcoRI+XhoI restriction enzymes (Promega, US) at 37°C for 4 h. Digested products were separated using 1.5% agarose gel electrophoresis with EB-staining. DNA bands were identified by UV transilluminator.

Purified recombinant plasmids (1 μg/μl, A260/A280=1.8) was used to transfect cultured cells using liposome method following Lipo2000's manual instruction (Invitrogen, US). In brief, 2 μg plasmids and 5 μl liposome were dissolved in 250 μl DMEM medium respectively. After incubation at room temperature for 20 min, both plasmid and liposome solutions were slowly added into cultured SOSP-M cells. After 24 hour-incubation at 37°C, culture medium was changed. Both control (no plasmid transfection) and empty (transfected with empty plasmids) groups were performed in parallel.

Cell proliferation, clonal formation rate, migration and invasion assays
------------------------------------------------------------------------

Following previously reported protocols \[[@b13-medscimonit-21-1976]\], SOSP-M cells at log phase from each group (transfection, negative and empty control) were seeded into 96-well plate at 5×10^3^ per ml concentration using 10% FBS-DMEM. After 24-hour incubation, supernatants were discarded and 20 μl sterilized MTT (Shanghai BioTech, China) were added into each well at every 24 hours. After 4-hour incubation, 150 μl DMSO (Shanghai BioTech, China) were added into each well whose supernatant solutions have been discarded. The culture plate was then vibrated for 10 min, followed by reading absorption values at 570 nm. The growth inhibition rate was calculated based on light absorption values.

SOSP-M cells at log phase were collected for preparing cell suspensions and were counted. 5 ml of cell suspension solutions were seeded into culture dish containing 50, 100 or 200 cells. After incubation at 37°C with 5% CO~2~ for 2--3 weeks, culture medium was discarded when the cell colony was visible. After PBS washing, the colony was dried, fixed by methanol for 15 min, stained by Giemsa dye for 10 min, washed and dried. The colony formation rate (in%)=(colony number/seeded cell number)×100%. All experiments were performed in triplicates (N=3).

The streak method was employed to evaluate the migration ability of tumor cells. In brief, cultured cells from all groups were seeded into 6-well plate (5×10^5^ cells per well). Horizontal lines were drawn at the back of the plate by marker pens. After 24 hours when the monolayer has been formed, a horizontal streak was made at the bottom of the dish with reference to the pre-drawn lines. After washing away cells at the streak, remaining cells were further cultured with DMEM containing 5% or 10% FBS for 24 hours. The migration of cells was observed under the microscope. All experiments were performed in triplicates (N=3).

In evaluating cell invasive ability, SOSP-M cells from all groups 48 hours after transfection were further cultured in non-serum medium for 24 hours to cover the bottom and upper face of the membrane of Transwell chamber (Hyclone, US). The chamber was further covered with dilution buffer containing 50 mg/L Matrigel and dried at 4°C. After draining all solutions, cells were further cultured for 30 min at 37°C with 50 μl non-serum medium containing 10 g/L BSA. Then the Transwell chambers were placed into 24-well plate, which was cultured using DMEM containing 10% FBS. Tumor cell suspensions cultured using non-serum medium were added inside the chamber. In the control group, Transwell chambers without Matrigel were used to incubate tumor cells under the same condition. Cells from all groups were cultured for 48 hours, followed by PBS washing of the chamber to remove cells at the upper surface of the membrane. Those cells were fixed in cold ethanol and stained for 30 min. Cells at the lower surface of the membrane from 10 fields were counted and averaged. All experiments were performed in triplicates (N=3).

Western blot assays for the effect on MAPK signal transduction pathway
----------------------------------------------------------------------

The potential effect of PMP22 plasmid transfection on MAPK signal transduction pathway was analyzed by Western blot method. After reaching a confluent rate more than 80%, cells were lysed on ice for 30 min, followed by ultrasound vibration and centrifugation by 10,000 g at 4°C for 15 min. Supernatants after lysis were saved and quantified for protein contents. Cell lyse were mixed with elution buffer and heated at 95°C for 5 min. After separation in 10% SDS-PAGE electrophoresis, proteins were transferred to PVDF membrane, on which non-specific binding sites were blocked by 5% defatted milk powder incubation at room temperature for 2 hours. Primary antibody (1:1 000 dilution, Cell signaling, US) was incubated at 4°C overnight. Mouse anti-rabbit IgG secondary antibody (1:2 000 dilution, Santa Cruz, US) was then added for 30-min incubation at room temperature in dark. After rinsing in PSBT, enhanced ECL chromogenic substrates (Amersham Biosci, US) were used to develop the membrane for 1 min, followed by X-ray exposure. Images were captured by Bio-Rad imaging software and optical density of bands was analyzed by Quantity One software. Anti-actin antibody worked as the internal reference. All experiments were repeated for four times (N=4).

Statistical analysis
--------------------

All measurement data were presented as mean ± standard deviation. A comparison among multiple groups was performed by analysis of variance (ANOVA) following previous established methods \[[@b14-medscimonit-21-1976],[@b15-medscimonit-21-1976]\]. Further between-group-comparison was done by Dunnett's test. All enumeration data were tested by chi-square test. A statistical significance was identified when p\<0.05. All statistical analyses were done using the SPSS11.5 software package.

Results
=======

Identification of recombinant retroviral plasmids by dual enzyme digestion
--------------------------------------------------------------------------

We applied both EcoRI and XhoI restriction enzymes and PCR amplification to identify the recombinant pcDNA3.1-PMP22 plasmids. The insertion fragment was found to have a length about 300 bp ([Figure 1](#f1-medscimonit-21-1976){ref-type="fig"}), suggesting the successful construction of retroviral plasmid pcDNA3.1-PMP22 plasmid.

PMP22 facilitates the proliferation of SOSP-M cells
---------------------------------------------------

Using MTT assay to detect the effect of PMP22 transfection on tumor proliferation, results ([Figure 2](#f2-medscimonit-21-1976){ref-type="fig"}) showed that after transfecting pcDNA3.1-PMP22 plasmid, osteosarcoma cells had significantly elevated proliferation when compared to either of the control or empty group (p\<0.05).

Colony formation of SOSP-M cell was elevated by PMP22
-----------------------------------------------------

We further utilized plate colony formation assay to detect the effect of PMP22 on the SOSP-M cell's colony formation rate. Results ([Figure 3](#f3-medscimonit-21-1976){ref-type="fig"}) showed that SOSP-M cells transfected with pcDNA3.1-PMP22 plasmids had significantly higher colony formation rates when compared to those in control group (p\<0.05).

PMP22 transfection potentiated tumor cell migration
---------------------------------------------------

The streak assay was further used to reveal the effect of PMP22 on the migration ability of SOSP-M cells. Results ([Figure 4](#f4-medscimonit-21-1976){ref-type="fig"}) showed that the transfection of empty plasmids did not affect the migration of tumor cells. Those with pcDNA3.1-PMP22 plasmid transfection, however, had significantly elevated migration levels.

PMP22 can facilitate invasive ability of SOSP-M cells
-----------------------------------------------------

We further used Tranwell chamber assay to quantify the influence of PMP22 on the invasive ability of SOSP-M cells. Results showed that the transfection of empty plasmids did not affect the cell invasive ability as no significant changes of perforated cell numbers existed between empty and control group ([Figure 5](#f5-medscimonit-21-1976){ref-type="fig"}, p\>0.05). Cells transfected with pcDNA3.1-PMP22 plasmids, however, showed significantly higher number of perforated cells when compared to the control group ([Figure 5](#f5-medscimonit-21-1976){ref-type="fig"}, p\<0.05), suggesting that PMP22 can potentiate the invasive ability of osteosarcoma cells.

PMP22 activates MAPK pathway
----------------------------

Using Western blotting assay, we found significantly elevated expressional levels of p-ERK and p-P38 in transfected cells when compared to control ones ([Figure 6](#f6-medscimonit-21-1976){ref-type="fig"}). This result suggests that PMP22 may exert its facilitating role of osteosarcoma cell invasion, migration and colony formation via the activation of MAPK pathway.

Discussion
==========

As a primary malignant bone cancer, osteosarcoma commonly occurred in young people and had a higher mortality rate due to its rapid progression and higher malignancy. Although treatment has been improved in recent years, more than half of patients still suffered from failure treatment due to its tendency to metastasis, thereby making the metastatic mechanism receive more research interests \[[@b12-medscimonit-21-1976]\]. With the advanced study about tumor genomics and proteomics, the identification of osteosarcoma metastasis-related genes has the potency to reveal the invasion mechanism of the tumor and to be the molecular target for clinical treatment \[[@b16-medscimonit-21-1976],[@b17-medscimonit-21-1976]\].

Differential expressions of genes have been discovered in tumor tissues as a result of advanced gene chip technique. Certain genes have dramatic expressional alternations during the early stage of oncogenesis while other genes had differential expressional profiles in late-stage cancer cells. In addition, some genes had significant alternated expressional patterns during the whole stage of tumor's occurrence and progression. Current opinions agree that the metastasis of osteosarcoma is a complex process involving multiple factors in a cascade, accompanying with the higher metastatic activity of tumor cells. Previous studies have indicated the participation of certain genes in the metastasis of osteosarcoma and named them osteosarcoma metastasis-related genes \[[@b18-medscimonit-21-1976]--[@b20-medscimonit-21-1976]\]. Therefore it is of critical values for the treatment against osteosarcoma to identify and confirm such genes, in addition to the functional characterization of their roles in the occurrence, progression and prognosis prediction \[[@b21-medscimonit-21-1976],[@b22-medscimonit-21-1976]\].

Some groups used DNA microarray analysis to identify a cohort of 13 genes with elevated expression levels in the metastatic osteosarcoma samples when compared to primary tumors \[[@b23-medscimonit-21-1976],[@b24-medscimonit-21-1976]\]. Among all those candidate genes, CD73 and IRF4 are closely related to the anti-oxidation of osteosarcoma cells and activation of lymphocytes. It is known that Ezrin protein is included in the osteosarcoma metastasis-related gene family. A study in the animal model using DNA microarray analysis found 7 genes with significant expressional variations between higher metastatic and lower metastatic sub-groups of osteosarcoma cells. Some of those genes are correlated with the proliferation and invasion ability of tumors \[[@b23-medscimonit-21-1976],[@b24-medscimonit-21-1976]\]. Past studies reported that PMP22 mainly exerted its functions in the motor-sensory neuropathy \[[@b25-medscimonit-21-1976]\]. Recent studies revealed its elevated expression in various malignant tumors, including breast cancer and prostate cancer, and its correlation with patients' prognosis, thereby suggesting its potential relationship with the invasion ability of the tumor \[[@b10-medscimonit-21-1976],[@b11-medscimonit-21-1976]\]. DNA-microarray analysis found elevated expression of PMP22 in osteosarcoma tissues especially in those with high prevalence of metastasis \[[@b26-medscimonit-21-1976]\]. These results suggest the potential oncogene role of PMP22 in the occurrence of osteosarcoma, but leaving its detailed mechanisms unresolved. This study successfully constructed a pcDNA3.1-PMP22 recombinant plasmid, which was confirmed to facilitate cell proliferation and colony formation of cultured osteosarcoma cells, suggesting the trophic function of PMP22 in osteosarcoma pathogenesis. Further assays revealed that PMP22 could potentiate the migration and invasion of tumor cells, indicating the direct relationship between osteosarcoma metastasis and PMP22, which can work as an osteosarcoma metastasis-related gene. Some studies have confirmed the important role of MAPK in oncogenesis of osteosarcoma via its participation in tumor cell proliferation, differentiation, migration, and invasion by DNA microarray analysis \[[@b27-medscimonit-21-1976]\]. This study demonstrated a higher phosphorylation level of ERK and p38 in the MAPK signal pathway, suggesting the possible involvement of PMP22 in osteosarcoma via its effect on MAPK signal pathway.

Conclusions
===========

Osteosarcoma metastasis-related gene PMP22 participates in the oncogenesis, progression, and metastasis of osteosarcoma, possibly via its effects on the MAPK signal transduction pathway. This study provides evidence for the metastatic mechanism of osteosarcoma, although its detailed pathways require further in-depth investigations.
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